Problems with cognitive functioning may be experienced subjectively and reported as symptoms on a self-report questionnaire, or they may be assessed more objectively by means of standard neuropsychological tests. A consistent finding from the research literature is that the correlation between subjectively assessed cognitive symptoms and objectively determined cognitive functioning is quite modest (r generally ranging from 0.20 to 0.30, thus explaining 4% -6% of the variance). These lower-thanexpected correlations have been observed in patients with stroke, 1 traumatic brain injury, 2 multiple sclerosis, 3 epilepsy, 4 bipolar disorder, 5 and cancer. 6 -10 Moreover, there is evidence that subjective cognitive symptoms may be more closely related to other emotional and mental symptoms, such as depression and fatigue, than to objective neuropsychological deficits. 1 -4,6,8 -12 Few studies have examined these associations in patients with primary brain tumors. In an early study by Taphoorn et al, 13 in 13 low-grade glioma patients, there was no difference observed between patients with high versus low cognitive impairment in mean levels of self-reported concentration and memory problems. In another study in 68 newly diagnosed high-grade glioma patients, deficits in attention, information processing, and graphomotor speed correlated moderately with self-reported cognitive functioning (r ranging from 0.33 to 0.49).
14 In a group of 195 patients with low-grade glioma who were diagnosed an average of 5.6 years before the study, objectively assessed memory, attention, psychomotor speed, and graphomotor speed correlated moderately with self-reported cognitive functioning (r ranging from 0.23 to 0.34). 15 Later, a multivariate analysis of the same sample demonstrated that women (r ¼ 0.24) and patients with a greater number of deviant neuropsychological test scores (r ¼ 0.34) reported more cognitive symptoms. 16 In this paper, we report the results of a study in which we systematically examined the association between subjective and objective indicators of cognitive functioning, and the ability of 4 sets of predictor variables (ie, sociodemographics, clinical variables, and physical and mental health symptoms) to predict both subjective and objective cognitive functioning in patients with predominantly low-grade glioma. In this way, we hope to identify explanatory factors for, and thereby obtain a better understanding of, the weak association between subjectively reported and objectively assessed cognitive functioning.
Methods
We used the baseline data from our randomized controlled trial of a cognitive rehabilitation program in patients with glioma 17 -19 for the current analysis.
Patients and Procedure
Eligible patients for the trial were identified via pathology databases or direct referral from 11 Dutch hospitals. Medical inclusion criteria were as follows: histologically proven or presumed (on the basis of clinical and MRI features) diffuse, low-grade (ie, WHO grade II) glioma (ie, astrocytoma, oligodendroglioma, or oligoastrocytoma) and age between 18 and 70 years; or anaplastic glioma (grade III), age younger than 50 years, and good performance status (ie, Karnofsky Performance Score .70). Patients had to be clinically stable (ie, without any evidence of disease progression) for a minimum of 6 months before entry into the study and could not be receiving antitumor treatment during that period.
Exclusion criteria included the following: any additional serious neurological or psychiatric disorder; inability to undergo the neuropsychological assessments or cognitive rehabilitation program because of premorbid IQ score ,85; visual, motor, language, or other severe cognitive problems; lack of basic proficiency in Dutch; or participation in a concurrent study with neuropsychological testing and/or health-related quality of life (HRQoL) assessments.
Medically eligible patients were invited by their physicians to undergo screening for cognitive eligibility. They (n ¼ 366) were first screened by telephone interview for the presence of subjective cognitive symptoms. Those who reported at least one cognitive symptom from the Medical Outcomes Study (MOS) Cognitive Functioning Scale (CFS) 20 (Table 1) and who indicated interest in participating in a cognitive rehabilitation program were referred for objective neuropsychological testing (n ¼ 207). These baseline data were used for the current analysis.
The trial was approved by the institutional review boards of the 11 participating hospitals, and participants provided written, informed consent. The study was registered on ClinicalTrials.gov (NCT00256425).
Measures
The neuropsychological test battery consisted of 11 tests and incorporated 26 variables measuring aspects of attention, verbal memory, and executive function (see Table 2 ).
We used the CFS 20 as a measure of subjective cognitive function (Table 1 ). This 6-item scale assesses day-to-day problems in cognitive functioning including difficulty with reasoning and problem solving, slowed reaction time, forgetfulness, and problems with concentration in the last week. Cronbach's alpha for the total scale was 0.743 in the study sample, indicating good reliability.
The MOS SF-36 Item Health Survey (SF-36) 21 was used as a self-report measure of health status and HRQoL. It consists of 36 questions. Summary component scores for physical and mental health were calculated. The SF-36 has been translated, validated, and normed in a large number of languages, including Dutch. 22 It has been shown to have excellent reliability and validity when used in the general population and with diverse patient populations, including cancer patients in the Netherlands. 22, 23 The brain cancer-specific HRQoL questionnaire QLQ BN-20 24 was employed as a supplementary questionnaire to assess additional HRQoL problems associated with glioma and its treatment. Thirteen of the 20 items comprising this questionnaire are organized into 4 subscales assessing future uncertainty, visual disorder, motor dysfunction, and communication deficit. The remaining 7 items assess other disease-and treatment-related symptoms common to patients with brain tumors.
Fatigue was measured with the Multidimensional Fatigue Inventory (MFI). 25 This is a 20-item self-report instrument that covers the following dimensions: general fatigue, physical fatigue, mental fatigue, reduced motivation, and reduced activity. The mental fatigue scale was used as a predictor in the analyses.
The individual predictor variables constituting the 4 clusters of sociodemographic, clinical, and self-reported physical and mental health variables are listed in Table 1 .
Statistical Methods

Preparatory Statistical Analyses
We employed principal component analysis (PCA) with oblique rotation (direct oblimin) to reduce the large set of individual neuropsychological test variables to a more manageable number of factors for use in further analysis.
The cutoff for the number of factors retained from the PCA was based on the criterion of the point of inflexion on the scree plot. We used oblique rotation because the factors were expected to correlate. The overall Kaiser-Meyer-Olkin (KMO) measure was used for verification of sampling adequacy for the analysis.
Individual participant scores were subsequently calculated for the resulting 2 factors by the regression method available in IBM SPSS Statistics 20.0. These scores represent estimates of the scores participants would have received on each of the factors had these scores been measured directly. Finally, we employed the resulting higher order neuropsychological test factor scores as outcome measures of objective cognitive function in the primary statistical analyses.
Primary Statistical Analyses
First, we calculated Pearson's product-moment correlations of the (2) objective neuropsychological test factor scores generated by PCA, with the total score of subjective cognitive symptoms as assessed by the CFS.
To identify variables significantly associated with the subjective and/or objective indicators of cognitive functioning, we carried out 4 multiple regression analyses. The first 3 included the 2 objective neuropsychological test factor scores and the CFS total score as the dependent variables. In each of these analyses, Gehring et al.: Predictors of cognitive functioning in glioma the same clusters of potential predictor variables were entered sequentially. The order of introducing clusters into the regression analysis was: sociodemographics; clinical variables; self-reported physical symptoms; and self-reported mental symptoms (see above). With this sequence, higher priority is given to clusters of variables that are presumed to take causal precedence over other variables (eg, clinical factors are more likely to cause mental health symptoms such as fatigue than vice versa). The fourth and final multiple regression analysis was similar to the third analysis for predicting the CFS total score. However, in this analysis, we included the 2 objective neuropsychological test factors resulting from the PCA as a fifth and final cluster in order to examine the role of these objective measures for explaining variance in subjective cognitive function.
We checked the statistical assumptions before we conducted the multiple regression analyses. Finally, we carried out sensitivity analysis to investigate the possible influence of missing values. We used a multiple imputation technique (estimation maximization) to estimate values for missing data. For all statistical tests, we used IBM SPSS Statistics 20.0.
Results
Of the 207 participants who were initially included in the study sample for screening both subjective and objective cognitive functions, 23 were excluded from the current analysis for the following reasons (see Figure 1 ): 5 for intervening medical problems, 5 for severe neurological or psychiatric problems, 5 for serious language/reading problems, 5 with too much missing data, 2 with premorbid IQ too low , and 1 who did not attend scheduled neuropsychological assessment. This left data from 184 participants for the analyses. 
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Results
From the Preparatory Statistical Analyses
Three of the initial 26 neuropsychological variables were excluded due to violation of statistical assumptions required for PCA. Thus, PCA was conducted on 23 neuropsychological test variables (Table 2) . One participant was excluded from the analysis because of a missing score on one of the neuropsychological variables, resulting in a total 183 participants for this analysis (see Figure 1 ). The overall KMO statistic of 0.80 indicated adequate sampling. Two factors (Table 2) were retained, which together explained 46.5% of the variance in test scores. The first factor, predominantly consisting of attention and executive functioning variables (with some components of speed of information processing and working memory), was subsequently labeled "attention and executive factor." The second factor, based on verbal memory variables, was labeled "verbal memory factor." We calculated the scores for both factors for all 183 participants.
Results From the Primary Statistical Analyses
Due to missing data on the CFS total score (n ¼ 1) and occasional missing scores on predictor variables (n ¼ 13), data were used from the final 169 participants for the subsequent correlational and multivariate analyses (see Figure 1) .
Sample characteristics and questionnaire scores of the 169 participants are reported in Table 1 . Additional sample characteristics were as follows. Sixty-five percent of participants had undergone resection and 28% had been biopsied for histopathological diagnosis. Most participants (80%) had been diagnosed with a 
Correlations
There was a low, but significant correlation between the subjective cognitive score as assessed by the CFS and the attention and executive factor (r ¼ 0.24) and a negligible, nonsignificant correlation between the CFS and the verbal memory factor (r ¼ 0.04). Univariate correlations between the 3 dependent variables and the various independent variables are displayed in Table 1 . The correlations of the individual neuropsychological test variables with the CFS total score, as displayed in Table 2 , were not higher than the highest of the 2 correlations of the factor variables with the CFS. In addition, all 6 individual CFS items (with one exception, item 6 'slow reaction'; r ¼ 0.28) correlated less well with the 2 objective cognitive function factors than the total CFS score.
Prediction of Attention and Executive Factor Scores
Of the 4 clusters of predictor variables, the sociodemographic and clinical clusters contributed significantly to explaining the variance in the attention and executive factor (Table 3 
Prediction of Verbal Memory Factor Scores
Of the 4 clusters of predictors, only the cluster of sociodemographic variables contributed significantly to the model predicting verbal memory functioning (Table 4 ). In the final model, sex (B ¼ 0.57; 95% CI, 0.27 -0.86) and education (B ¼ 0.58; 95% CI, 0.29 -0.88) predicted verbal memory test scores. Men had lower verbal memory scores than women, and participants with lower education had lower scores compared with those with higher education levels.
Prediction of Subjective Cognitive Function
The sociodemographic, physical, and mental health clusters contributed significantly to predicting subjective cognitive functioning (CFS total score; Table 5 ). The third cluster, consisting of physical symptoms, had the largest contribution.
In We conducted additional post hoc multiple regression analyses in an attempt to understand the seemingly contradictory results regarding the relationship between future uncertainty and subjective cognitive functioning based on the multivariate analyses (a positive association) versus the univariate analyses (a negative association, as expected). The results suggested that the mental component summary score, in combination with other mental health variables, may be mediators of the relationship between future uncertainty and self-reported cognitive function (data not shown).
Prediction of Subjective Cognitive Function, Including Objective Cognitive Factors as Predictors
Finally, to examine the contribution of the objective cognitive test results to explaining variance in subjective cognitive functioning, we also included the attention/executive and verbal memory factors as a fifth cluster of predictors in the analysis (Table 6 ). In general, the cluster of these 2 objective measures of cognitive function did not contribute significantly to the total explained variance in subjective cognitive symptoms (increasing from 44% to 45% by adding the 2 objective cognitive measures).
A summary of the general findings of each regression analysis is presented in Table 7 .
Sensitivity Analyses
Thirteen (7.1%) of the 183 participants for whom factor scores were available had some missing data on the predictor variables for the multiple regression analyses, and one participant (0.5%) had missing scores on the CFS. There were no single variables with 5% or more data missing.
Participants with missing data did not differ from those with complete data except for the CFS total score, which was significantly higher (better) for the participants with missing data (t (181) ¼ 22.53, P ¼ .01), and for use of antiepileptic drugs (x 2 (1) ¼ 5.41, P ¼ .02), which were used less frequently by participants with missing data. Correlations of attention and executive factor (r ¼ 0.18) and verbal memory factor (r ¼ 0.01) with CFS total score were lower in the group in which these data were available (N ¼ 182). When multiple imputation was done for estimation of the missing data, repetition of the 4 multiple regression analyses yielded pooled regression parameters comparable with those resulting from the analyses with standard listwise exclusion of the cases with missing values (data not shown).
Discussion
Similar to previous reports in various populations, the correlations between subjective and objective indicators of neuropsychological functioning were negligible to low in our sample of glioma patients. Correlations found in our study were somewhat lower than 
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those reported in some, but not all, other studies of patients with glioma. 15, 16 Whereas objective cognitive deficits were predominantly associated with sociodemographic (older age, lower education, male sex) and clinical (left hemisphere tumor) variables, lower subjective cognitive function was more closely related to self-reported physical (motor) and mental health functioning (mental fatigue, lower mental well-being, and lower future uncertainty), and female sex. Communication deficits were associated with both subjective and attention/executive dysfunction.
Of the observed predictors, (older age) and (lower education) are probably the most well-known variables affecting objective cognitive function and are commonly taken into account in the clinical interpretation of neuropsychological performance based on normative comparison. Consistent with our findings, aging has been found to negatively influence processing speed and performance on tests of attention and executive function, whereas these effects may be smaller for verbal memory. 37 It is also a typical finding that women have better verbal memory than men and may preserve verbal skills better after brain damage. 37 Worse objective attention/executive functioning was more strongly related to left hemisphere tumors than to those in the right hemisphere. In general, performance on many of the tests that were aggregated in the attention and executive factor tends to be poorer in the participants with left hemisphere lesions (Digit Span tasks, Stroop Color-Word Test, Letter Fluency 37 ). The same observation has also been reported in patients with glioma in particular. 15 At the same time, the women in our sample reported lower subjective cognitive function than their male counterparts. Previous studies investigating the relationship between sex and subjective cognitive function have reported inconsistent results: some find the same association (ie, female participants report more cognitive complaints), 38 but many others do not find any association at all. 2, 6, 39, 40 Self-reported communication deficits were associated with measures of both subjective and objective attention and executive function. The relationship with subjective functioning is perhaps not surprising, given that self-reported communication deficits may be a relevant aspect of cognitive complaints. The univariate correlation of self-reported communication deficits with the objective attention and executive factor, however, was even stronger than the relationship between global subjective cognitive function and objective attention and executive function.
In line with the previous reports, lower ratings of subjective cognitive function were significantly associated with self-reported mental fatigue and lower mental well-being. Although it was not surprising to find a clear relationship between subjective cognitive function and mental fatigue since both measure aspects of attention/concentration, this was not the case for the association with the mental well-being scale and the BN-20 subscales, which measure issues very different from cognitive functioning. Although our study did not include a direct measure of depressive symptoms, the mental well-being scale includes items that measure nervousness, depressed mood, and role functioning limited 
by emotional problems, all of which are closely related to the known mental and emotional predictors of subjective cognitive function. 1 -3,4,12 The positive association of future uncertainty with subjective cognitive functioning appeared to be mediated by other indicators of mental well-being.
The association between physical well-being and subjective cognitive function has been reported previously. 2, 41, 42 In one of these publications, it was suggested that cognitive deficits reflect a more general state of feelings of diminished well-being. 42 Remarkably, no significant association was observed between earlier radiotherapy and objective cognitive deficits. Radiotherapy in patients with low-grade glioma may result in cognitive deterioration over time, but recent studies have shown that this holds true primarily for patients with a median survival that is longer than that in our study. 43 Finally, similar sets of predictors of objective and subjective cognitive functioning were found in a recent study of 50 patients with multiple sclerosis. 44 Regression analyses were conducted that were comparable with those described here, with the addition of neuroimaging data. The results indicated that worse cognitive performance was associated with male sex, lower education, and lower gray-matter volume. Subjective cognitive complaints were associated with fatigue and less hippocampal atrophy. Unfortunately, such volumetric data were not available for our current study.
Several other limitations of our study should be noted. First, patients who did not report at least minimal levels of cognitive symptoms were not included in the study. This may explain why the correlations observed in our study were somewhat lower than those reported in other studies conducted on subjective and objective cognitive function in patients with glioma. 15, 16 Although the cutoff used to establish minimal levels of cognitive symptoms was low (ie, experiencing 1 of 6 symptoms at least some of the time), strictly speaking, the results of the current analysis can only be generalized to glioma patients with at least a minimal level of self-reported cognitive symptoms. In addition, it should be noted that a small subset of patients (7%) without histopathological diagnosis (presumed to have a grade II glioma based on clinical and MRI features) was also included in the analyses. Finally, the inclusion criteria for age and KPS in grade III glioma and stable disease for both grades of malignancy may have resulted in a sample with more favorable characteristics than the grades II and III glioma populations as a whole in clinical practice.
Second, we chose to use principal component analysis to reduce the large set of neuropsychological test variables to a more manageable number of factors for use in further analyses. We opted for this empirical method in order to obtain a grouping of variables in the most objective way. We acknowledge that the attention and executive functioning factor included a wide variety of test variables measuring simple and complex attention, processing speed, working memory, and executive functioning. This global factor of diffuse attention, speed of information processing, and executive function may in fact reflect the typical cognitive profile of patients with slowly growing glioma. 
In addition, generating indirect measures for cognitive performance may have resulted in some data loss, which in turn may have attenuated the strength of the correlations observed. However, the attention and executive factor correlated more highly with subjective cognitive functioning than any of the other single test variables. Taken together, we think that the current empirical approach was appropriate for the main purpose of this study, namely to systematically examine the associations of objective (and subjective) indicators of cognitive function with a range of explanatory factors.
Third, we cannot draw any conclusions about causality because of the cross-sectional nature of our data. However, we Gehring et al.: Predictors of cognitive functioning in glioma gave higher priority in our statistical approach to clusters of variables that were presumed to take causal precedence over other variables (eg, clinical factors were assumed to more likely to cause mental health symptoms, such as fatigue, than vice versa).
Finally, the predictor variables included in our statistical models explained a fair amount, but not all, of the variance in subjective cognitive symptoms and objective cognitive test results. Thus, there may be other factors that contribute significantly to explaining variance in these outcomes, which still need to be identified. 44 It would be interesting to investigate whether imaging data (eg, lesion volume/location) represent additional significant explanatory variables.
We do not believe that the limitations of our study can explain the fact that we (and others) have consistently observed a weak association between subjective and objective measures of cognitive function. Other factors, including validity issues, may also play a role here. For example, it has been frequently reported that ratings of patients' cognitive function by informants (both formal and informal caregivers) are more strongly associated with patients' neuropsychological test performance and everyday cognitive skills than the patients' self-rated cognitive symptoms and functioning. 3, 45, 46 Both underreporting and overreporting may play a role here. 3 Underreporting has been found to occur more often in patients with more severe objective cognitive impairment. 3, 47 In fact, a lack of insight has been related to frontal lobe dysfunction and can thus be part of the cognitive deficits. 48, 49 Therefore, clinicians should be aware that patients who do not report any cognitive symptoms may still have cognitive deficits. Conversely, overreporting of cognitive problems may be associated with depression and other mental symptoms. 1 -4,6 -10 In fact, Kinsinger et al 50 demonstrated that treatment of depression may ameliorate subjective cognitive symptoms in patients with multiple sclerosis. In that study, participants underwent either cognitive behavioral therapy or supportive emotion-focused therapy. Improvements in depression and fatigue were related to decreased levels of perceived cognitive symptoms but not to changes in objective neuropsychological test performance. Neuropsychological tests have their limitations as well. For example, in a study of 88 community-dwelling, cognitively healthy older adults, cognitive tests did not predict quality of everyday activity completion. Instead, self-reported instrumental activities of daily living and a performance-based test of everyday competence were unique predictors of direct observations of everyday activities. 51 In addition to the evidence from clinical studies for a weak association between subjective rating of cognitive function and actual cognitive performance, there is also preliminary functionalanatomical evidence for this association. In an experimental study in 20 young, healthy male volunteers, functional MRI was used to identify distinct neural correlates of a subjective sense of memory strength and retrieval accuracy after actual encoding of information. Activity in the left ventrolateral prefrontal cortex and temporoparietal junction was associated with subjective ratings of memory strength, whereas parahippocampal and hippocampal activity was associated with the number of details recalled accurately. 52 In conclusion, our findings suggest that distinct mechanisms may underlie subjective cognitive symptoms versus objective cognitive impairment in patients with glioma. Comprehensive neuropsychological assessments should include both neuropsychological tests and measures of subjective cognitive function, psychological symptoms such as depression, anxiety, and fatigue, and possibly a caregivers' evaluation of the patient's daily cognitive performance in order to determine which areas are most affected and which specific intervention strategies are most appropriate.
It may also be important to target nonpharmacological intervention strategies for objective and subjective cognitive problems, either separately or in combination. For example, subjective cognitive symptoms (without clear objective cognitive impairment and potentially accompanied by affective symptoms and fatigue) may benefit most from psychotherapy, 50 whereas objectively verified cognitive deficits may be treated more successfully with cognitive rehabilitation. 17,53 -55 Funding Supported by the Dutch Cancer Society (UU 2003-2783; UvT2010-4642).
